INTRODUCTION
to active substances contained in insecticides, thereby reducing their effectiveness [Nauen and Denholm 2005, Wang et al. 2007 ]. Therefore non-chemical methods, which may equally limit feeding of aphids on crops, are more often sought. One of biological plant protection methods, which is becoming increasingly important, is the use of plant extracts that may reduce pests feeding effectively. The extracts are prepared from fresh or dried parts of herbaceous plant [Dankowska and Bendowska 2006 , Wawrzyniak 2009 , Deletre et al. 2015 .
Winter savory (Satureja montana L.) is herbaceous plant belonging to the Lamiaceae family, which has many uses. It is used mainly as a spice, because of its intense aroma. It is also used in medicine, because it contains a lot of biologically active substances such as essential oil, triterpenes, tannins or flavonoids [Gniewosz et al. 2009 , Silva et al. 2009 ]. Moreover, it character-ized by potent antimicrobial properties [Olasupo et al. 2003 , Ćavar et al. 2008 , Serrano et al. 2011 .
The aim of this study was to determine the effect of water extracts at different concentrations prepared from fresh and dry matter of winter savory on mortality of wingless females and larvae of black bean aphid.
MATERIAL AND METHODS
The experiment was conducted in the laboratory, in six replicates. Fresh leaves of broad bean, wingless females and larvae of black bean aphid used for the analysis at the end of June 2015 were collected.
Extracts from dry matter (DM) of winter savory were prepared at concentration conventionally adopted as 2%, 5% and 10% (dried plants + cold double-distilled water in proportions of 2:100, 5:100 and 10:100) and at concentration of 10%, 20% and 30% for fresh matter (FM) (fresh above-ground parts of plants + cold double-distilled water in proportions of 10:100, 20:100 and 30:100). Extracts were stored at room temperature in the dark over a period of 24 hours. After this period they were filtered through filters paper and immediately used to perform the experiments. The test was conducted in Petri dishes, and as a substrate wet filter paper was used. Broad bean leaves were dipped for 3 seconds in an adequate plant extracts and in distilled water which was a control object, and then dried at room temperature. In each dish one leave of broad bean, suitable for a specific object was placed and then five wingless females of black bean aphid and separately ten larvae were introduced. In determining the effect of extracts prepared from dry and fresh matter of winter savory on aphids, mortality of wingless females and larvae was determined at 12 hour intervals.
The obtained results were then subjected to analysis by STATISTICA 10.0 software. The significance of differences between the means were tested by univariate analysis of variance, and the means were differentiated by Fisher's LSD test at α = 0.05.
RESULTS AND DISCUSSION
Among all extracts prepared from dry matter of winter savory used in the experiment only extract at the highest concentration (30%) resulted in a significant increase in mortality of wingless female of black bean aphids compared to the control and to the extracts prepared at lower concentrations (with the exception of extract at concentration of 5% after 48 hours from the setting up the experiment) ( Figure 1 ). This dependence was noted in all terms of observations. After 84 hours this extract caused a total mortality of wingless females, while in the control this parameter reached the level approx. 45%, and in remaining objects was lower than 60%. With increasing concentrations of extracts their negative effect on the tested pests was usually increasing, but as mentioned above, only in the object where the highest concentration of extract was used differences were statistically significant compared to control.
Extract prepared from fresh matter at concentrations of 30% after 36 hours from the setting up the experiment resulted in a significant increase in mortality of wingless female of black bean aphid compared to the control and the state was maintained until the end of the experiment (Figure 2) . Similar regularities were also reported in the case of the extract at concentration of 20%, however, statistically significant differences in relation to the control object only after 72 hours were observed.
The extract at concentration of 10% had no significant effect on the analysed parameter in all terms of observation. After 120 hours the mortality of females in objects where extracts at concentrations of 20% and 30% were used, reached up 100%, while in the control was lower nearly by 40%. Extracts prepared from both dry and fresh matter of winter savory at the highest concentrations (10% and 30% respectively) in almost all terms of observations (with the exception of first term in the case of fresh extract) resulted in a significant increase in mortality of black bean aphid larvae compared to the control object (Table 1) . Extract prepared from dry matter at concentrations of 5% after 36 hours also caused a significant increase in mortality of analysed pests, as well as an extract prepared from fresh matter at concentration of 20% after 48 hours from the setting up the experi-ment. The lowest concentrations of extract, which was used, had no significant effect on the analysed feature. With increasing concentrations of extracts their negative effect on black bean aphid larvae was usually increasing and in many cases the differences between the individual concentrations were statistically significant.
Only a small number of studies have been made to date on the effect of water extract prepared from winter savory on feeding of crop pests. Only Šućur et al. [2015] showed that the extract prepared from dry matter of this plant may contribute to over fourfold increase in mortality of greenhouse whitefly (Trialeurodes vaporariorum Westwood), which can damage many plants grown in greenhouses and polytunnels. Deltere et al. [2015] also found that this extract can be toxic and irritating to Bemisia tabaci Gennadius.
More often, studies regarding the use of essential oils obtained from the winter savory and other plants belonging to Lamiaceae family were conducted. However, essential oils have a much higher concentration of the compounds contained in them than conventional water extracts. Picard [2012] studied the effect of the essential oil obtained from winter savory on the western flower thrips (Frankliniella occidentalis Pergande) feeding. The authors in their studies showed that this substance at concentrations of 0.5% has a high repellent property against the analysed pest. Maedeh et al. [2011] showed, in turn, that the essential oil from the summer savory is toxic and deterrent for red flour beetle (Tribolium castaneum Herbst), Mediterranean flour moth (Ephestia kuehniella Zell.) and Indianmeal moth (Plodia interpunctella Hübner). Furthermore with increasing concentration of essential oil also the mortality of tested insects increases. Ebadollahi [2011] found that essential oils from summer savory increase mortality of wheat weevil (Sitophilus granaries L.) and rice weevil (Sitophilus oryzae L.). The author also emphasized that the effectiveness of the tested essential oil depends on its concentration, exposure time and the type of plant material. Furthermore, Nottingham [1991] showed that essential oil from this plant has deterrent effect on black bean aphid (Aphis fabae Scop.) and cabbage aphid (Brevicoryne brassicae L.). Popović et al.
[2013] found that essential oils from other plants belonging to the Lamiaceae family increase mortality of red flour beetle. They also observed that the chemical composition of used oils has a large impact on their effectiveness. Adverse effect of the extract and essential oils prepared from winter savory and other plants belonging to the Lamiaceae family on pests feeding was probably due to the fact that they contain much tannin and flavonoid in their chemical composition [Gniewosz et al. 2009 , Silva et al. 2009 ]. Tannins are characterized by a toxic effect against some insects, which is associated with initiation of reactions leading to the formation of large amounts of reactive oxygen forms and with inhibition of the activity of many enzymes. Flavonoids, in turn, are acting as a natural insecticides and fungicides, limiting feeding of pests [Lamparski and Wawrzyniak 2004, Raymond et al. 2011 ].
CONCLUSIONS
1. The extract prepared from dry matter at the highest concentration (10%), as well as the extracts from fresh matter at concentration of 20% and 30% contributed to an increase in mortality of wingless female of black bean aphid.
2. Extracts prepared from both dry and fresh matter at two highest concentrations caused an increased mortality of larvae of analysed pest.
3. With increasing concentrations of analysed extracts prepared from both fresh and dry matter of winter savory, their negative effect on wingless females and larvae usually increase.
